ABSTRACT Reintroduction of Þre and thinning have been suggested as the main practices to regain forest health in ponderosa pine forests of northern Arizona. Recent silvicultural programs and the occurrence of catastrophic wildÞres have created a range of disturbance severities and a mosaic of forest conditions. Sixteen stands were randomly selected to create a completely randomized experimental design with four treatments, (1) unmanaged, (2) thinned, (3) thinned and burned, and (4) wildÞre, with four replicates of each treatment. We assessed changes occurring in ground foraging ant functional groups at the stand scale as related to these treatments. A pitfall trapping scheme was implemented during the summer months of 2002 and 2003. A total of 18,009 specimens were collected representing 20 species from 10 genera. We found that traditional biodiversity measures, such as species richness, diversity, and dominance were a less satisfactory measure of treatment impact on ants than functional group analysis, which allowed us to consider the ecosystem role of each species. We found that different functional groups were dominant under different levels of disturbance severity and suppressed or excluded other functional groups that were less suited to the disturbance intensity. Maintaining a diversity of habitat types is suggested for supporting ecologically diverse ant functional groups and improve forest health.
Forest health in northern Arizona ponderosa pine (Pinus ponderosa Douglas ex. Lawson) forests has been in decline since European settlement (Kolb et al. 1994) . Thinning and Þre are important silvicultural practices that strongly inßuence ecological characteristics and forest health in ponderosa pine forests (Kolb et al. 1994 , Covington et al. 1997 , Feeney et al. 1998 . Recent silvicultural programs directed at improving forest health through the reintroduction of thinning practices and Þre and the occurrence of catastrophic wildÞres have provided a broad spectrum of stand characteristics and disturbance severity classes. The effects of these programs on biodiversity components have not been thoroughly evaluated at the landscape scale or at the stand level (Villa-Castillo and Wagner 2002) .
Bioindicators have been used to assess ecosystem response to human-induced environmental perturbation (Agosti et al. 2000) . With the increasing loss of habitat and biodiversity around the world there is an urgent need for biodiversity assessments (Agosti et al. 2000) . There is considerable interest in the identiÞ-cation of robust bioindicators for use in land monitoring and assessment programs (Noss 1990) . Living organisms can integrate a variety of effects over time that short-term physical and chemical measures cannot, making them a more appropriate indicator (Danks 1992) .
Terrestrial invertebrates are an important component of forest ecosystems and comprise a major part of their biological diversity (Beattie et al. 1992 ) and can be used as bioindicators of ecological condition (Peck et al. 1998) . In contrast to larger more mobile animals, terrestrial invertebrates are less likely to move between treatment units, so their presence is a better indication and more strongly related to site condition (Bromham et al. 1999) . Terrestrial invertebrates dominate the biomass, are highly diverse, occur ubiquitously, and are fundamentally important in ecosystem function (Samways 1994 , Andersen 1995 . SpeciÞc insect guilds are highly sensitive to habitat disturbance (Day et al.1993 , Samways 1994 , Mendez et al. 1995 . For example, carabids (Kromp 1990 , Beaudry et al. 1997 , Villa-Castillo and Wagner 2002 , Lepidoptera (Holloway and Stork 1991, Kremen 1992) , Odonata (Samways 1996) , and formicidae (BufÞngton 1967 , Majer 1982 , Andersen 1990 , 1991 , 1995 , 1997a , Roth et al. 1994 , York 1994 , 1999 , Brown 1997 , Peck et al. 1998 , King et al. 1998 , Bromham et al. 1999 , Andrew et al. 2000 , Vanderwoude et al. 2000 have all been used successfully as bioindicators.
A multidisciplinary research program is currently being conducted in northern Arizona ponderosa pine forests to determine stand treatments impacts on forest health (STIFH) based on selected ecological indicators (Bailey et al. 2000) . We selected ground foraging ants as potential bioindicators because of their high diversity and biomass, ecological importance at all trophic levels, ease of sampling, and wellunderstood community dynamics (Andersen and Sparling 1997) . Ants consistently show strong successional patterns in ecosystems and are related to land management practices and disturbances (Andersen and Sparling 1997) , including timber management (Andersen and Sparling 1997 , Vanderwoude et al. 2000 , Willett 2001 ) and Þre regimens (BufÞngton 1967 , Andersen 1991 , Neumann 1992 , York 1994 , 1999 , Andrew et al. 2000 .
The objectives of this study were to experimentally evaluate changes in ant functional group composition as related to changes occurring in forest stands at several levels of disturbance and to determine speciÞc indicator species or functional groups for each forest health condition or disturbance severity class. We tested the hypothesis that differences in forest health conditions at the stand level, as indicated by criteria of tree-size, overstory density, understory cover, and amount of woody debris, would be related to changes in ant functional group composition.
Materials and Methods
This study was conducted in the Ponderosa PineBunchgrass plant association on the Mogollon Plateau within the Coconino National Forest at elevations from 2,150 Ð2,500 m (USDA Forest Service 1997). The dominant overstory species is ponderosa pine with a small component of gambel oak (Quercus gambelii Nutt). The understory vegetation is characterized by Arizona fescue (Festuca arizonica Vasey) and several other forbs and graminoids as described by Griffs et al. (2001) .
Recent forest management practices and disturbance regimens have created a spectrum of forest stand conditions along a disturbance gradient on the Coconino National Forest. Using these existing conditions, prospective stands were considered for inclusion in this study. Any prospective stand must be relatively homogenous on 20 Ð 40 ha, in addition to meeting one of the STIFH site treatment criteria sets as described in Table 1 .
Experimental Design
Hundreds of stands were identiÞed in 1997 and 1998 for potential inclusion in the STIFH study. Relatively similar elevation and moderate slope were site factors initially considered to help avoid possible bias in selecting sites because managed stands and burned areas were not uniformly scattered across the Mogollon Plateau. From these initially selected stands, a homogeneous set of 40 stands were selected based on parameters in Table 1 to create an observational matrix (Bailey et al. 2000) . From the 40 stands initially selected, 16 stands were randomly selected by VillaCastillo and Wagner (2002) to create a completely randomized experimental design with four treatments and four replicates. Stand structure and understory vegetation data have been previously reported by Villa-Castillo and Wagner (2002) .
Ground Foraging Ant Sampling
Sampling of ground foraging ants using pitfall traps was conducted during the months of April to September 2002 and June to August 2003. The sampling period was reduced after 2002 because few specimens were trapped during April, May, and September, and no unique species were sampled during the excluded period. A pitfall trap consisted of two plastic deli style containers (11 cm diameter by 8 cm deep) nested and buried ßush to ground level. The upper cup was used for servicing during collection periods, whereas the bottom cup was left in place to reduce local disturbance. During sampling periods, 72-h periods during each month, the pitfall traps were set by carefully removing any debris inside the trap, insuring that the traps were ßush with the soil surface and placing Ϸ240 ml of soapy water into the trap. During the summer of 2002, seven traps were placed on a transect with 10-m spacing. Transects were placed at least 100 m within each stand with a random start and direction within the stand. During the summer of 2003, a single pitfall trap was located at each of 10 permanent points within each stand arranged on a grid with a minimum of 150-m spacing between each permanent point (Bailey et al. 2000) . Pitfall trapping has been widely used in studies of Australian ant communities (Andersen 1995) and has been shown to provide a reliable estimate of species composition (Andersen 1991) . Andersen (1991) showed that pitfall trapping for ants was an ade quate method of collection in comparison to the more time intensive quadrant counts, which are better suited to open habitat types not obscured by dense litter. Larger diameter pitfall traps caught more ant species than smaller diameter traps (AbenspergTraun and Steven 1995) .
The contents of each pitfall trap were collected individually and transported back to the laboratory for sorting, preservation, and preparation of museum vouchers. Ants were identiÞed to species and placed into functional groups as adapted from Andersen (1997b) and described in c Tropical and hot climate specialist functional groups removed, we did not expect to encounter members in the ponderosa pine-bunch grass community.
Statistical Analyses
Analyses of variance (ANOVAs) was performed for slope and elevation and for each of the stand variables by Villa-Castillo and Wagner (2002) to test the hypothesis of no difference between treatments.
Before any statistical interpretation of the ant pitfall trap data, we decided to pool the data across sampling months for a single value per season. We pooled the pitfall data across treatment to obtain one value of species and functional group per treatment per year. We were primarily interested in observing indicative species and guild responses to treatment. Sampling over several months allowed us to obtain comparative rather than comprehensive data per site. Because of the differences in sampling technique, scale, and number of traps used in 2002 and 2003 data sets from each year were analyzed separately. Evaluation of the individual ant data set for bias indicated that transformation of the data set was not necessary; consequently, the analyses presented here are on untransformed data.
Traditional Diversity Measures
The Shannon-Wiener Diversity Index and the Simpson Dominance Index (Andersen 1991) were calculated for each experimental stand type. The Shannon-Wiener Diversity Index was calculated as a measure of relative diversity per treatment type per year. The Simpson Dominance Index was used to determine the strength of species numerical abundance. We took the mean and SD values from the four replicates per treatment to summarize ant response to treatment according to these traditional diversity indices and applied standard ANOVA tests to determine differences between means. Species richness, the number of different species, was also calculated for each experimental stand type.
Functional Group Analysis
Multiple response permutation analyses (MRPP) (Villa-Castillo and Wagner 2002) was performed for each of the ant functional groupsÕ relative abundance measures to test the null hypothesis of no difference of relative abundance of functional group composition among treatments. The mean relative abundance of each of the four replicates per treatment per year was calculated and averaged to obtain one mean relative abundance measure per treatment per year for each of the Þve functional groups described in Table 2 . Multiple response permutation analyses were similarly performed on individual ant species relative abundance to test the null hypothesis of no difference of relative abundance of individual species among treatments. We hypothesized that ant functional group composition sampled from different experimental areas would be similar. The test statistic is:
where m and s are the mean and SD of ␦ (delta) under the null hypothesis. The P value associated with the T is determined by the numerical integration of the Pearson type III distribution.
The nonparametric MRPP analysis was used to perform statistical comparisons among groups with functional group and individual species as the multiple response variable, without requiring that the normality assumption be met (Zimmerman et al. 1985) . This method was appropriate because a priori groups were arranged in an experimental fashion suitable for multiple response comparisons and thus meeting assumptions requiring multivariate normality and homogeneity of variance are not necessary. The MRPP analysis was performed with the statistical software package PC-ORD 4.20 (McCune and Mefford 1999) . The Sorenson distance option on the MRPP settings was used to perform the hypothesis test of no difference in functional groups among treatments and the hypothesis test of no differences in individual species among treatments.
Indicator species value analysis (referred to as indicator value) by the Dufrene and Legendre (1997) was performed to determine the speciÞc contributions of each species to the functional group and to determine the strength of indication provided by either a functional group or an individual species. The indicator value was considered as a complement to the MRPP analysis because the latter procedure only detects differences among treatments based on entire groupings without knowing the speciÞc contribution of individual species (Villa-Castillo and Wagner 2002) . Pooled data were used in the MRPP analysis to determine the indicator value of functional groups and individual species per treatment per year. The indicator value is expressed as a percentage of perfect indication. It is integrated by combining the values of relative abundance and relative frequency, with 100% representing perfect indication. Indicator species value analyses were performed with PC-ORD 4.20 (McCune and Mefford 1999) . The null hypothesis was that the maximum indicator value is not larger than would be expected by chance (␣ ϭ 0.05). The grouping factor was the speciÞc experimental treatment with four replicates each. The statistical signiÞcance of the maximum indicator value calculated was tested by a Monte Carlo method (McCune and Mefford 1999) .
Nonmetric multidimensional scaling (NMS) ( Vanderwoude et al. 2000) was performed using PC-ORD 4.20 (McCune and Mefford 1999) to determine the dissimilarity between ant functional groups. NMS can be used to visualize the departure from monotonicity by plotting distance in the original p-dimensional space (dissimilarity) versus distance in ordination space (McCune and Mefford 1999) . The null hypothesis was that all functional groups will have equal dissimilarity coefÞcients.
Results
The ANOVA performed by Villa-Castillo and Wagner (2002) for slope and elevation showed that treat-ments were not signiÞcantly different. This suggests that initial stand selection criterion was not biased toward treatment and any changes in the ant community are probably caused by differences in treatments. The ANOVA performed by Villa-Castillo and Wagner (2002) for each of the 12 stand variables show that treatments were not signiÞcantly different on seedlings, exotic graminoids, litter depth, and woody debris. Treatments differed signiÞcantly by overstory tree data, such as, stand relative index, diameter breast height, and basal area, and when characterized by the understory characteristics of native and exotic forbs and native graminoids (Villa-Castillo and Wagner 2002) .
A total of 12,178 ants from 18 species and 10 genera were sampled in 2002, whereas 6,773 ants from 19 species and 9 genera were sampled in 2003. Differences in total number of individual ants collected each year was likely caused by sampling duration and design differences. The greatest number of species per genera occurred in Lasius (Þve species) and Formica (four species). The most commonly trapped ants were members of the Formica rufa group, Formica oreas, Monomorium minimum, Tapminoma sessile, and an undescribed Myrmica.
The overall composition of the fauna caught in pitfall traps is described in Table 3 . Most sites were dominated by members of the opportunist functional group including Formica rufa group, Myrmica spp., and Tampinoma sessile, representing between 31 and 56% of the total ants caught in pitfall traps. Cold climate specialist (up to 36%) and generalist (up to 33%) functional groups were also abundant. Coarse woody debris specialist (up to 17%) and specialized slave makers (up to 3%) were frequently recorded but represented a small percentage of the total ants caught in pitfall traps.
Traditional Diversity Measures
In 2002, the lowest mean standard species richness was recorded in the unmanaged and wildÞre stands (P Ͻ 0.0001). Species richness was highest in thinned and in thinned and burned stands (P Ͻ 0.0001). Shannon-Weiner Diversity Index was highest in the unmanaged and wildÞre stands (P Ͻ 0.0001), whereas the Simpson Dominance Index is relatively low throughout. A similar pattern was observed for 2003 ( Fig. 1) .
Functional Group Analysis
Ant functional groups during 2002 and individual species during both 2002 and 2003 were signiÞcantly different per treatment at ␣ ϭ 0.05. The A statistic was greater than zero for both functional groups and individual species in both years indicating that the heterogeneity is less within groups that expected by chance. A hypothesis test summary is shown in Table 4 .
Ant functional group composition varied between stand treatments on a per group level in 2002. The changes in ant functional group composition as related to stand treatment are shown below by individual functional group:
Coarse Woody Debris Specialist. In both sampling years, coarse woody debris specialist relative abundance is highest in thinned sites and lowest in wildÞre sites (Fig. 2a) . Coarse woody debris specialists were at least 10% more abundant on thinned sites that wildÞre sites. The coarse woody debris specialists represented between 1.8 and 19.2% of the total ants collected per treatment.
Cold Climate Specialist. Cold climate specialist did not display any consistent patterns during the sam- pling periods, although some signiÞcant difference between treatments and years is observed (Fig. 2b) . In 2002, the highest relative abundance was recorded in the wildÞre sites, whereas in 2003, the highest relative abundance was recorded in the unmanaged sites. Between year variation for relative abundance within treatment was as great as 27% in the wildÞre stands and as little as 0.5% in the thinned stands. Opportunist. The opportunists represent a large percentage of the overall relative abundance of ants in all of the stand treatments (Fig. 2c) . The opportunists show considerable variation between years. In 2002, the opportunist relative abundance is high (Ͼ50% of total ants) for the unmanaged, thinned, and thinned with prescribed Þre stands. In 2003, the opportunist relative abundance is high only in the thinned stands. In both years, the relative abundance is lower in the wildÞre stands than the thinned stands by an average of 34%.
Generalist. The generalists occur most abundantly in the wildÞre areas (Fig. 2d) . The generalists were up to 25% more abundant in the wildÞre areas than any other treatment condition. They occurred at very low (Ͻ5%) abundance in the thinned stands for both years.
Specialized Slave Makers. Specialized slave makers were most abundant in unmanaged and thinned sites and were rarely or not observed in thinned with broadcast burn or wildÞre sites (Fig. 2e) . Specialized slave maker abundance was very low throughout ranging from 0 to 2.5%. No collections were made at the wildÞre stands in 2002 and fewer than Þve individuals were collected from any wildÞre or thinned with prescribed Þre stand.
Nonmetric Multidimensional Scaling
Nonmetric multidimensional scaling (NMS) ordination of the functional groups (Fig. 3) shows the relative similarity between individual functional groups. The opportunists and the specialist slave maker functional groups are very close together in ordinal space, indicating high similarity. The generalist functional group is the furthest from the opportunist and the specialist slave maker functional groups, indicating low similarity. The coarse woody debris specialist and the cold climate specialist are more similar to the opportunist than the generalist functional groups.
Indicator Value
Results of the Monte Carlo test of signiÞcance for the maximum indicator value at ␣ ϭ 0.05 are summarized in Table 5 . The unmanaged stands were indicated by the cold climate specialist, Lasius spp., with a maximum indicator value of 57% perfect indication. The thinned stands were indicated by the cold climate specialist, Formica oreas (55.2%), and the opportunist, Formica rufa group (53%). The thinned and broadcast A(max) ϭ 1 when all items are identical within groups. A ϭ 0 when heterogeneity within groups is equal to expected by chance.
A Ͻ 0 when heterogeneity is greater within groups than expected by chance.
Small value for A indicates that groups are appropriately assigned, members within groups as more similar to each other than to members of other groups burned stands did not have any signiÞcant indicators. The wildÞre stands were indicated by the opportunist, Tampinoma sessile (42.6%), and by the generalist, Pheidole spp. (91%). The percent of perfect indication of all species and functional groups across treatments at ␣ ϭ 0.05 is shown in Table 6 .
Discussion

Traditional Diversity Measures
Both traditional diversity measures and functional group analysis vary by treatment. Species richness was 6. 75, 8.08, 7.92, and 5 .00 for the unmanaged, thinned, thinned with prescribed Þre, and wildÞre sites, respectively, during the summer of 2002. However, a difference in species present was observed (Table 3) . For example, species richness is not signiÞcantly different between the unmanaged and wildÞre stands in 2002, but there is a considerable difference in the abundance of species of Camponotus, Tampinoma, Pheidole, Monomorium, and Polyergus. In 2002, there are as many as Þve species of Lasius observed in the unmanaged stands, whereas there are only two species of Lasius observed at the wildÞre sites. This sort of assessment obscurity, numerical versus ecological signiÞcance, is supported by several authors (Neumann 1992 , Andersen and Sparling 1997 , Dufrene and Legendre 1997 , Peck et al. 1998 , Bromham et al. 1999 . This shows the failure of these traditional diversity measures, which only address number of species, to account for community structure of the ecological functioning role of a species, thus providing an incomplete assessment of ants as bioindicators.
Functional Group Analysis
Functional group analysis allows us to recognize the ecological function of each species. The predictive power of bioindicators is stronger when the indicator is incorporated into functional groups rather than species-speciÞc analysis, because species composition allows predictions only about sites with habitats similar to those used to Þnd the indicator species Sparling 1997, Dufrene and Legendre 1997) . Representative diversity of functional groups may be a more satisfactory criterion that enables us to make predictions about speciÞc ecosystem conditions (Greenslade 1978 , Andersen 1995 . The diversity of ants collected, combined with a lack of speciesspeciÞc response information, and the complexity of identiÞcation makes species level interpretation cumbersome and impractical. A degree of species identiÞcation is necessary for the establishment of functional group categories. The use of functional group analysis rather than species-speciÞc interpretation allows us to place species together according to their habitat requirements and competitive interactions (Andersen 1991) . Table 3 shows that, while overall species composition is similar, the relative abundance of each species varies considerably with treatment. Figure 4 arranges the relative abundance of each functional group by treatment.
Unmanaged stands are characterized by high relative stand index and high basal area (Table 1 ). The ant assemblage of unmanaged stands is dominated by the opportunist functional group. Thinned stands on average are less dense and have trees with higher mean diameters. Griffs et al. (2001) reported very little difference in understory plant diversity and abundance between unmanaged and thinned stands. Thinned stands have a similar ant assemblage as the unmanaged stands, being dominated by the opportunist functional group and showing an increase in the presence of the coarse woody debris functional group. Although the unmanaged and thinned stands are dominated by the opportunist functional group, they both provide habitat for all of the other functional groups.
In contrast, stands that were thinned to a similar intensity but with a prescribed burn applied 3Ð 4 yr after thinning have a different ant species assemblage. Empty cells are because of a lack of that species in speciÞc years. See Table 2 for complete names and description of functional groups. a P value signiÞcant at ␣ ϭ 0.05. The opportunist functional group still dominates the overall relative abundance of functional groups, but the generalist functional group relative abundance has increased signiÞcantly ( Fig. 2d ; Table 3 ). The specialized slave makers functional group has been signiÞ-cantly reduced, almost to exclusion ( Fig. 2e ; Table 3 ). The coarse woody debris specialist functional group relative abundance has declined as well ( Fig. 2a ; Table  3 ), likely because of the consumption of downed woody debris by Þre. The thinned and prescribed Þre sites apparently provide habitat not provided by the unmanaged and thinned alone stands. The lack of more pronounced effects on functional group relative abundances may be a result of time lapsed since prescribed Þre. Neumann (1992) observed a marked short-term effect of Þre on ants that was restored to "control" or unburned conditions within 2 mo. Andersen (1991) indicated that unburned and annually burned treatments produced two distinct ant assemblages, whereas biennially burned plots represented an intermediate that tended to more closely resemble the unburned plots. Andersen (1991) concluded that the direct effects of Þre on ant assemblages are reduced because of the protection afforded by soil nests and that the effects of Þre on assemblages is largely indirect as modiÞcation of habitat, food supplies and interspeciÞc competition.
The greatest change in ant functional group composition was observed at the catastrophic wildÞre stands. WildÞre stands, that before the Þre event had similar tree characteristics to the other stands, had a substantially different functional group assemblage (Fig. 5) . The generalist functional group signiÞcantly dominates the wildÞre stands suppressing the opportunist functional groups, most likely because of direct competition for resources, and excluding the specialist slave makers functional group, which are dependent on the opportunist functional group species as their slaves.
Studies that show Þre effects on ant communities are numerous (BufÞngton 1967 , Andersen 1991 , Neumann 1992 , York 1994 , 1999 , Andrew et al. 2000 . Fire effects vary widely from study to study, often reporting conßicting effects on ant diversity, richness, and abundance postÞre. The number of ants postÞre is reported to decrease (York 1999 ), increase (Buffington 1967 , Neumann 1992 , York 2000 , or show no change (Andrew et al. 2000) . Time since the Þre event affects the current ant assemblage (Andersen 1991 , Neumann 1992 , York 1994 . A prolonged period postÞre may have caused some Þre-adapted species to have already disappeared from the stands because of a lack of suitable habitat. In this study, both the wildÞre and the prescribed Þres occurred in 1996 and 1990 Ð1997 (Table 1 ). The wildÞre stands were dramatically affected by a Þre event, and time lapsed since Þre has not had the same effect on the wildÞre stands as the thinned with prescribed Þre stands. The thinned with prescribed Þre stands only received a prescribed understory burn and in the absence of repetitive burns have ant assemblages that more closely resemble the thinned only stands (Fig. 4) .
Estimation of Þre or logging-related effects on ant functional groups assemblages may be misleading if sites with different productivity levels are compared (Dufrene and Legendre 1997) or if the ecological function of a species is not considered. Peck et al. (1998) and Andersen and Sparling (1997) reported that ant assemblages are related to speciÞc vegetative and soil characteristics, and the response in changes to site conditions is often species or functional group dependent. Therefore, in this study, we evaluated stands with similar preÞre characteristics.
Interaction
Interaction among individual functional groups and treatment condition was important in structuring the relative abundance of functional groups per treatment. As disturbance severity increases, the relative abundance of functional groups changes. The opportunist and the generalist functional groups show relative abundance changes in response to treatment and to each otherÕs relative abundance. The opportunist functional group is the dominant group at low disturbance treatments and its relative abundance becomes suppressed as disturbance increases. The generalist functional group shows the opposite pattern in response to disturbance severity (Fig. 5) . Nonmetric multidimensional scaling ordination shows these func- Table 5 for mean and SD values) tional groups to be the most ecologically dissimilar (Fig. 3) . This relationship is likely caused in part by habitat modiÞcation; however, neither the opportunist or the generalist functional groups are deÞned by speciÞc habitat requirements (Table 2) , so the effect of interspecies competition must be considered. The generalist functional group is more behaviorally dominant than the opportunist functional group, displaying rapid and successful recruitment to and defense of resources (Andersen 1997b ).
Individual functional groups can also be dependent on each other. The specialized slave makers, represented by a single species, Polyergus breviceps, are dependent on the presence of the species they enslave, Formica spp., which are all members of the opportunist functional group. As the relative abundance of the opportunist decreases with disturbance, the relative abundance of the specialized slave makers decreases until the group is not found at the wildÞre sites (Figs. 2c, 2e , and 4). Nonmetric multidimensional scaling ordination or dissimilarity of functional groups shows the opportunist and the specialized slave makers nearly overlapping, illustrating how similar the two functional groups are to each other (Fig. 3) .
The role of interactions between functional groups is scarce in the literature. Vanderwoude et al. (2000) evaluated a similar relationship between dominant Dolichoderines and opportunists as we observed between the opportunist and the generalist functional groups. The dominant Dolichoderines are frequently credited with affecting the relative abundance of other functional groups because of their behavioral dominance (Greenslade 1978 . Andersen (1997b) indicated that behavioral dominance is relative, highlighting the importance of distinguishing analyses of the dynamics of local communities. Therefore, the absence of dominant Dolchoderines allows other functional groups such as the generalist to assert their dominance over other functional groups.
Indicator Species Analysis
Each treatment condition is represented by an indicator species or group of species (Tables 5 and 6 ). The cold climate specialist, Lasius spp.¸are indicators of the unmanaged sites. Most Lasius spp. are small and prefer nesting in covered soils or heavy litterÑtwo characteristics of unmanaged sites. Thinned stands are indicated by two Formica species: Formica oreas of the cold climate specialist functional group and the Formica rufa group of the opportunist functional group. F. oreas and F. rufa group species tend to nest near stumps or downed logs and incorporate thatch into their nests (Wheeler and Wheeler 1986 ). The Table 2 for functional group codes. thinned stands with prescribed Þre were not indicated by any individual species or functional group. The lack of speciÞc indicators for this treatment is likely caused by the time lapsed since prescribed Þre; in our study, prescribed Þres were implemented in 1990 Ð 1997, as reported by Neumann (1992) and Andersen (1991) and previously discussed under functional group analysis. The wildÞre stands were indicated by Tampinoma sessile and by Pheidole spp. T. sessile is inordinately fond of honeydew and ßoral and extraßoral nectarines (Wheeler and Wheeler 1986) , and the wildÞre sites are characterized by having a more diverse and abundant ßowering plant community. Pheidole spp. provided a nearly perfect indicator value for the wildÞre sites (91% in 2003), because it prefers to nest in open soil conditions (Wheeler and Wheeler 1986) that are common at these sites. There are no perfect indicators, likely caused by the number of individual species that represent each functional groups category and the similarity of the ecological roles they play.
Ants as Indicators
Ants are not the only potential bioindicator group in northern Arizona ponderosa pine forests. Several other insect indicator groups have been evaluated, including carabid beetles (Villa-Castillo and Wagner 2002), scolytid beetles (Sanchez-Martinez 2000), and butterßies (Griffs et al. 2001) . All of these studies were performed on sites similar, if not the same as, the sites used in this study. Carabids were shown to have several perfect indicator species for wildÞre conditions, and signiÞcant indicators were found for the other forest health treatments. However, out-trapping was problematic for the study after 3 consecutive yr of sampling. Neither scolytids (Sanchez-Martinez 2000) nor butterßies (Griffs et al. 2001) showed signiÞcant indicator values for forest health condition in ponderosa pine forests.
While the lack of any perfect indicators may bring into question the use of ant functional groups as bioindicators, there remain several key points that support their use. (1) Ants are social insects typically displaying stationary nesting behavior; this aspect of ant ecology allows us to conÞdently associate ants with the area they were collected. This is in contrast to larger vertebrates and many invertebrates without permanent nesting sites whose presence in a site may be accidental, temporary, or caused by edge effects. (2) Ant colonies are also perennial, requiring a change in habitat conditions to cause individual colony appearance to change over the short term. (3) Ant colony foraging behavior contributes to antsÕ appropriateness as indicators. The members of a fully developed ant colony that are active above ground represent ϳ2% of the total colony population. The limited number of colony members active above ground reduces the possibility of out-trapping that other less reproductive invertebrates, such as ground beetles (Villa-Castillo 2000) , may experience. This allows for more intensive and extended sampling with limited impact on overall ant populations. (4) Ant colonies also have deÞnable foraging patterns and ranges, allowing for the establishment of temporal and spatial patterns.
Implications
Ant functional groups can be related to forest stand treatments and health condition in northern Arizona Ponderosa Pine-Bunchgrass association ecosystems. One of the most notable occurrences is the lack of the dominant Dolichoderine group, represented by Liometopum spp., which is widespread throughout the western United States and found at mid-elevations in the southwest (Creighton 1950) . The presence of this functional group in ponderosa pine forests in northern Arizona could be indicative of the creation of open habitat or of successful restoration efforts. The presence of the dominant Dolichoderines, because of their behavioral dominance, would impact the presence and abundance of the other functional groups. Vanderwoude et al. (2000) conceptualized the opportunist to have an inverse relationship with dominant Dolichoderines similar to the relationship we observed between the opportunists and the generalists.
This study indicates that, to maintain a diversity of ant functional groups and species in northern Arizona ponderosa pine forests, a diversity of forest conditions should be maintained. Not only does this provide argument for current forest stand management activities such as thinning and prescribed Þre, but it indicates that even forest conditions outside of the range of historic variability support a diversity of ant species and functional groups.
